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A . M . Asatoor et al. (Paine, Newman & Taylor, 1959) , cat (Matthews & Smyth, 1954) and man (Kuroda & Gimbel, 1954) . Although it has been conclusively proved that uptake of oligopeptides from the intestinal lumen is a separate process from that of the active transport of the corresponding free amino acids (Matthews, 1972) , much less information is available concerning the rates of transport of stereoisomers of oligopeptides. Burston & Matthews (1972) showed that uptake of glycyl-D-valine by the small intestine was slow and hydrolysis incomplete, and Cheeseman & Smyth (1973) have reported that D-leucylglycine uptake by the rat intestine is not mediated simply by passive diffusion, but there is a saturable process for peptide entry. The present paper reports studies in vivo of intestinal absorption of the stereoisomers of three dipeptides, alanylphenylalanine, leucyl-leucine and glycyltryptophan , and of the corresponding free amino acids in the rat.
METHODS
Male Wistar rats of approximately250 g body weight were used throughout. All the animals were fed on a standard cube diet, but were starved with free access to tap water for 16 h before each experimental period.
Absorption experiments using isolated intestinal loops
Nineteen different test solutions were used containing dipeptides or the corresponding mixed free amino acids at a concentration of 2 pmol/ml in Tyrode solution (NaCl, 0.80 g; KCl, 0.02 g; CaCl,, 0.02 g; MgCl,, 0.01 g; NaHCO,, 0.10 g; NaH2P04, 0,005 g; glucose, 0.1 g, per 100 ml of distilled water) with added mannitol (70 pmol/ml) and phenolsulphonphthalein (0.02%) as unabsorbable marker. In the case of solutions of L-leucine and D-leucine the concentration of the amino acids was 4 pmol/ml, as this was equivalent to that of the corresponding peptides, i.e. L-Leu-L-Leu and D-Leu-D-Leu. The ten dipeptides used were L-alanyl-Lphenylalanine and the corresponding LD-, DL-and DD-isomers, L-leucyl-L-leucine and the three similar stereoisomers, and glycyl-L-tryptophan and its D-isomer. Obviously, the solutions containing the mixed constituent amino acids were one less in number, as the solutions corresponding to L-leucyl-D-leucine and D-leucyl-L-leucine are identical. Absorption rates from all nineteen solutions were determined in the upper jejunum, whereas absorption of DAla-D-Phe, D-Leu-D-Leu, Gly-D-Trp and the corresponding amino acid mixtures was measured in the lower ileum in addition. Each experiment was repeated in six rats, and therefore a total of 150 absorption tests are reported, 114 in the upper jejunum and thirty-six in the lower ileum.
Each intestinal loop was approximately 10 cm in length and the proximal end of the jejunal loop was within 5 cm of the entry of the common bile-duct into the duodenum, whereas the distal end of the ileal loop was within 5 cm of the ileocaecal junction. Loop lengths were measured immediately after the death of each rat, the loops being dissected free from the mesentery and any extension of the gut being avoided. The exact details of the experimental procedure have been reported previously (Asatoor, Chadha, Dawson, Milne & Prosser, 1972) . Solutions containing LL-dipeptides, Gly-L-Trp, and the corresponding amino acid mixtures were allowed to remain within the loop for exactly 10 min, whereas all other solutions containing one or more D-amino acid, either free or in peptide combination, were retained within the isolated loop for exactly 30 min. The two periods make the whole series not strictly comparable, as the rate of absorption is not constant throughout the whole period, but the different times are imposed experimentally because of the wide variation of the absorption rates of the compounds studied. A longer period in the case of the natural L-peptides and free L-amino acids would have resulted in virtually complete absorption from the loops, whereas a shorter period in the case of other solutions containing free or combined D-amino acids would have given inaccurate results as only a small fraction of the total would have been absorbed. The amount absorbed is reported throughout as nmol of each amino acid min-l cm length of gut-l.
The validity and accuracy of the technique was controlled as follows: recoveries after immediate washing out the loops containing D-alanyl-D-phenylalanine, D-leucyl-D-leucine, the individual free D-amino acids and the marker were over 98% on three occasions for each. Similar recoveries of free L-amino acids and of the other dipeptides were not tested owing to the rapidity of their absorption. Recoveries of phenolsulphonphthalein from rat gut loops have been previously reported as 99.4% +3.9% in 15 rnin (Young & Edwards, 1966) , and 97% & 1.7% in 10 min (Matthews, Lis, Cheng & Crampton, 1969) . Our values in six rats were 98.7% f 1.9% in 10 min and 97.2% +2.4% in 30 min.
Assessment of the relative rates of hydrolysis of the ten dipeptides by hydrolases within small intestinal mucoia and in rat liver homogenates
Fresh tissue, i.e. intestinal mucosa or liver, was obtained immediately after killing six normal rats, and was immediately frozen at -20°C. Crude cellular extracts were later prepared in Tris-maleate buffer (0-2 mol/l) at pH 7.5, using a Potter Elvehjem homogenizer fitted with a Teflon pestle, at a concentration of one-tenth (w/v). The substrates consisted of each of the ten dipeptides at a concentration of 0.02 mol/l in the same buffer. The solutions were incubated at 37°C and equal volumes were mixed at zero time. Samples for analysis were withdrawn at 0, 1, 3, 5 and 15 rnin for LL-peptides and Gly-L-Trp, and at 0, 15, 30 and 60 rnin for peptides containing one or more D-amino acids. Hydrolysis was terminated in each sample by immersion in a boiling-water bath. Later in the course of these experiments it became obvious that hydrolysis of the two DD-peptides and Gly-D-Trp was substantially greater in the terminal ileum than in the proximal jejunum. Separate experiments in the case of these three peptides of a similar type were therefore carried out using mucosal extracts prepared from the whole mucosa of a 10 cm length of jejunum from each of three rats, and a corresponding ileal mucosal extract from the same animals. Hydrolysis rates in comparisons between different stereoisomers were arbitrarily related to those of the two DL-peptides and to Gly-D-Trp. When comparisons of hydrolysis rates of 911 the ten dipeptides were made, D-Ala-L-Phe was selected as the reference peptide. Enzyme activity was assessed as pmol of free amino acid released min-'.
After the absorption experiments had been carried out it was obvious that, for L-alanyl-Lphenylalanine and L-leucyl-L-leucine, a substantial fraction of the total absorption of the peptides was mediated by free amino acid uptake and transport. It was therefore important to determine the proportion of the hydrolysis which was intraluminal, in comparison with that which occurred either at the brush border or within the cytoplasm of the cell. The test solution without added amino acid or peptide was allowed to remain within the loop for 10 rnin before recovery, and immediately afterwards the mucosa of this length of loop was scraped off and homogenized in Tris-maleate buffer. The two peptides at a concentration of 0.02 mol/l were then added and the relative rates of hydrolysis determined at 37"C, aliquots being taken at 0,2 and 5 min in each case. It was thought unnecessary to carry out similar tests with the other dipeptides as the proportion of free amino acids at the end of the absorption period was much lower, and similar results for glycyl-L-tryptophan have previously been reported (Asatoor, Cheng, Edwards, Lant, Matthews, Milne & Richards, 1970) .
Agsessment of total absorption of the peptides and mixed amino acids by excretion of amino acids, peptides, or metabolites in the urine after administration of the dipeptides or constituent mixed amino acids by stomach tube Solutions of the dipeptides, or of the equivalent free amino acid mixture, at a dosage of 0.5 mmol/kg body weight in 3 ml of water were given by stomach tube in one series of experiments and by subcutaneous injection in the second series. To ensure a high volume of urine and therefore to minimize collection errors, 4 ml of iso-osmotic NaCl, for fluids containing free or combined alanine, phenylalanine and leucine, was given by intraperitoneal injection. In the case of tests with fluid containing free or combined tryptophan, 4 ml of iso-osmotic sodium bicarbonate was used to ensure an alkaline urine in view of the pH-dependent excretion of some tryptophan metabolites (Milne, Crawford, Girao & Loughridge, 1960) . The rats were placed in metabolic cages and urine samples were obtained from 0-4 h, and from 4-24 h. As the supply of pure peptides was limited, each experiment was repeated in only three rats for every individual peptide or free amino acid mixture, except for tryptophan peptides where six separate tests were made.
Chemical methods and criteria of purity of chemicals
All peptides and amino acids were obtained from commercial sources (Fox Chemical Co. and Schwarz/Mann) and were chromatographically pure using paper chromatography in three solvents: (a) butanol-acetic acid-water (12 : 3 : 5, by vol.); (b) butanol-pyridine-water (1 : 1 : 1, by vol.); (c) ethyl acetate-pyridine-water (12 : 5 : 4, by vol.). After hydrolysis by HCl (6 mol/l) for 6 h in sealed tubes at 1 10°C, the leucyl-leucine and alanylphenylalanine peptides produced the expected amounts of leucine, alanine and phenylalanine. Similarly, alkaline hydrolysis, using NaOH (2 mol/l) for 30 min, of the two tryptophan-containing peptides also produced the expected amounts of the two constituent amino acids. Amino acids or hydrolysed peptides were incubated with a preparation (Sigma) of D-amino acid oxidase from hog kidney made up in Tris-HCl buffer (0.1 mol/l) at pH 8-9, which contained FAD mol/l). After incubation for 2 h at 37°C D-amino acids were oxidized leaving the L-amino acids unchanged. Chromatography of the resultant solution proved that the amino acids were of the expected L-or D-form. Admittedly, this criterion of purity does not distinguish between L-leucyl-Dleucine and D-leucyl-L-leucine. In this case reliance had to be placed on the manufacturers' certification that the two peptides had the appropriate optical rotation, i.e. specific rotation of the LD-peptide in HCl (1 mol/l), +74.3", and of the DL-peptide in HCl (1 mol/l), -68". Supplies of peptides were too limited to allow for polarimetric analysis of the samples obtained.
Analytical methods
Determination of amino acids and peptides in solutions obtained from intestinal loops. Ionexchange chromatography with the Technicon amino acid analyser (Technicon Handbook, 1966) was used. Tryptophan is not completely stable on ion-exchange columns, but at the conAbsorption of stereoisomers of dipeptides 203 centrations obtained in the fluids from intestinal loops and after decrease of the ion-exchange column temperature from 60°C to 50"C, recovery experiments using known amounts of either D-or L-tryptophan were satisfactory, and the method proved the best available for solutions containing considerable amounts of phenolsulphonphthalein.
Determination of amino acids and peptides in urine samples and in samples obtained during estimation of tissue peptide hydrolase activity. The colorimetric method of Young, Reid & Edwards (1964) was used after separation by paper chromatography using the butanolacetic acid-water solvent for solutions containing leucyl-leucine, and ethyl acetate-pyridinewater for solutions containing alanylphenylalanine or glycyltryptophan.
Determination of the proportion of leucine isomers in mixtures obtained from intestinal loops. Phenolsulphonphthalein was removed by treatment with animal charcoal and subsequent filtration. The colourless solution was then incubated as previously described with D-amino acid oxidase for 15 min at 37°C. The a-oxoisocaproic acid produced by enzymatic oxidation of D-leucine was estimated colorimetrically after formation of the dinitrophenylhydrazone.
Determination of indolylacetic acid and its glycine conjugate in urine specimens. The method of Weissbach, King, Sjoerdsma & Udenfriend (1959) was used.
Determination of indole-3-aldehyde in urine specimens. The aldehyde was precipitated as the dinitrophenylhydrazone, washed free from unchanged dinitrophenylhydrazine, and estimated colorimetrically in solution in ethyl acetate.
Chromatographic analysis of urine specimens for 0x0 acids, phenolic acids and phenylacetylglycine. The methods of Smith (1969) were used.
RESULTS
The absorption rates of the ten peptides and the corresponding constituent amino acids, expressed as nmol min-' cm gut length-' are given in Tables 1, 2 and 3. It is seen that absorption rates of peptides fall into three separate ranges : (a) L-Ala-L-Phe and L-Leu-L-Leu, where rates are from 16 to 21 nmol min-' cm-'; (b) mixed LD-and DL-peptides and glycyl-Ltryptophan where rates range from 2 to 9 nmol mind' cm-'; (c) DD-peptides and glycyl-Dtryptophan where the range is zero to 1.6 mnol min-' cm-'.
In the case of mixed LD-and DL-peptides the absorption rate is in general intermediate between the lower rate of the free D-amino acid and the higher one of the L-isomer. Absorption of glycyl-L-tryptophan is significantly slower than that of the constituent amino acids, a result agreeing with that obtained by the oral-tolerance technique in man (Asatoor et al., 1970) .
It should be noted that when absorption rates of mixed free L-and D-amino acids are reported in Tables 1 and 2 , falsely low values occur for the L-amino acid concerned. This is inevitable because a 30 min absorption period is too prolonged to give a satisfactory estimate of the rapid rate of L-amino acid transport. For example, in Table 1 the value for L-alanine transport in line 2, i s . 16-5 3.5 nmol min-' cm-l, is more accurate than in line 4, i.e. 7.7 +2-0 nmol min-' cm-The values for the mixed L-and D-amino acids are merely given as a basis for comparison with the absorption rate of the corresponding peptide.
The absorption of D-leucyl-D-leucine is low whilst that of D-alanine-D-phenylalanine is almost zero. In both cases the absorption of the corresponding free D-amino acids is significantly higher than that of the peptides. Despite their low absorption rates from jejunal loops, administration of these two peptides by stomach tube, to be reported in more detail below, TABLE 1. Rates of absorption from rat jejunum and ileum (meanf SD) of alanylphenylalanine dipeptides and the corresponding free alanine and phenylalanine mixture (nmol min-cm length of gut-'). Six experiments were done in each group. The P values show the significance of the difference between the absorption rates of dipeptides and free amino acids showed that there was considerable absorption without hydrolysis of both peptides from the whole gut. This suggested that absorption of the two peptides must be greater in the ileum than in the jejunum. The final lines of Tables 1, 2 and 3 give the rates of transfer of these peptides and of glycyl-D-tryptophan from ileal loops. In each case rate of transfer is significantly higher from the ileum than from the jejunum (P<O.Ol), and the last column of the 
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Tables shows that there is a significantly higher proportion of free amino acid within the gut content at the end of the absorption periods in the ileum than in the upper gut (P<O.Ol). It should be noted in Table 2 that there is no report of differentiation between L-and Dleucine when the absorption of mixed peptides or the equivalent mixture of L-and D-leucine was being studied. Differentiation proved technically difficult in the fluids after peptide absorption, as the concentration of free amino acids was below the lower limit of sensitivity of the enzymic method using D-amino acid oxidase. After absorption of mixed D-and Lleucine, the mean concentration of D-leucine was 85% of the total D-+ L-leucine. The small volumes of residual fluid allowed only a single mean estimate to be carried out. Table 4 gives the relative hydrolysis rates of the ten peptides by hydrolases in liver and intestinal mucosal homogenates, the rates of hydrolysis of the DL-peptide or of Gly-D-Trp being arbitrarily expressed as unity in each series of isomers. The hydrolysis rates of the mixed DL-and LD-peptides are intermediate between the very high rates of the LL-peptides and the extremely slow rates of hydrolysis of the DD-isomers. The results for alanylphenylalanine isomers agree closely with those previously reported by Heizer & Laster (1969) .
Rates of hydrolysis
Tests for relative rates of luminal as compared withmucosal hydrolysis in the jejunum showed that the proportion was 28% +_ SD 9% for L-leucyl-L-leucine and 5% +_ SD 3% for L-alanyl-Lphenylalanine. The rate for centrifuged specimens was less than one-half of this value, showing that a considerable fraction of the intraluminal hydrolysis was mediated by enzymes within There is also a close correlation between the relative rates of hydrolysis of the peptides and the percentage of free amino acid remaining within jejunal loops at the end of the absorption period (last column of Tables 1, 2 and 3 ; r = 0.95; P<O-OOl). Comparison of hydrolase activity against DD-peptides and Gly-D-Trp in mucosal homogenates obtained from 10 cm of proximal jejunum and 10 cm of distal ileum showed that activity was 2.5 times as great in the ileum for the two DD-peptides, and five times as great for Gly-D-Trp, results agreeing with the higher free amino acid content in ileal than in jejunal loops after 30 min within the lumen (Tables 1, 2 and 3) . Adibi (1971) similarly found that hydrolase activity in the human ileum was greater than the jejunum, although in this case there was no significant difference in rate of dipeptide transport. Hydrolase activity in liver homogenates for the two DD-peptides and for Gly-D-Trp was also extremely low (Table 4) , explaining the high recoveries of these three peptides in urine after administration by stomach tube or after subcutaneous injection. Table 5 gives the amount of unhydrolysed dipeptide expressed as pmol mg of creatinine-' in 4 h urine collections after oral or subcutaneous administration of the ten separate dipeptides at a dosage of 0.5 mmol kg body weight-'. The range is given for the alanylphenylalanine and leucyl-leucine dipeptides, and the mean and standard deviation for the larger number of observations possible for the two glycyltryptophan peptides. No detectable peptide was excreted after administrations of the two LL-dipeptides or glycyl-L-tryptophan, whilst after administation of the mixed LD-and DL-peptides there was a very small output in the urine at values of less than 1 pmol mg of creatinine-'. By contrast, large amounts of dipeptide were excreted after administration of the two DD-dipeptides and glycyl-D-tryptophan. The excretion rates after subcutaneous injection were always greater in amount than after oral ingestion. Approximately 75% of the total 24 h output in urine was excreted in the first 4 h. After corresponding doses of free amino acids there was no detectable increased amino acid output in urine in the case of the L-amino acids, but after D-tryptophan, D-phenylalanine and D-leucine administration, small amounts were excreted unchanged, but in all cases less than 1 pmol mg of creatinine-'. No metabolites of D-amino acids were detected after administration of D-phenylalanine, D-alanine or D-leucine. In particular, the corresponding 0x0 acids produced by enzymic oxidation by D-amino oxidase were not detected, nor were the two expected metabolites of phenylpyruvic acid produced by oxidation of D-phenylalanine, i.e. o-hydroxyphenylacetic acid and phenylacetylglycine. By contrast, after administration of glycyl-Dtryptophan, and corresponding amounts of D-tryptophan, large amounts of indolic metabolite were excreted. After administration of the peptide, the major fraction excreted was the unchanged dipeptide (Table 6) , with smaller amounts of indolylacetic acid and its glycine conjugate and of indole-3-aldehyde. D-Tryptophan itself was mainly converted to the same metabolites which are both known degradation products of indolylpyruvic acid.
DISCUSSION
The results show that jejunal absorption of the dipeptides studied is stereospecific, similar to that of the free amino acids. Transfer of the DD-dipeptides is only 0.5% of the rate of the LLcompound in the case of alanylphenylalanine, and about 5% the rate for leucyl-leucine. Admittedly, in the case of the two rapidly absorbed and hydrolysed peptides, L-Leu-L-Leu and L-Ala-L-Phe, free amino acid transport accounts for a considerable fraction of the total peptide absorption. In the case of L-Ala-L-Phe the main proportion of free amino acid absorbed must be derived from peptide uptake, either at the brush border or within the cell cytoplasm, followed by rapid hydrolysis and some back-diffusion of liberated free amino acid. Intraluminal hydrolysis of L-Leu-L-Leu is considerably more rapid, and here a correspondingly greater fraction of the free L-leucine must be derived from intraluminal peptide breakdown.
It was originally planned to explore jejunal absorption rates alone, but especially in the case of D-alanyl-D-phenylalanine this was found to be inadequate, as apparently paradoxical and even contradictory results were obtained. Jejunal absorption of this dipeptide is virtually zero (Table I) , whereas the fact that considerable amounts of the intact peptide were found in the urine after its administration by stomach tube ( Table 5 ), shows that there was significant absorption from the whole gastro-intestinal tract. Ileal absorption was 20 times as great as jejunal absorption in the case of D-Ala-D-Phe, four times as great for D-Leu-D-Leu, and between two and three times for Gly-D-Trp. The relatively high rate of ileal transfer is probably sufficient to explain the considerable net absorption when these peptides were given by stomach tube. Jejunal absorption rates are probably largely determined by the corresponding rates of hydrolysis of the relevant dipeptides by intestinal hydrolases, but this cannot explain the substantial absorption of the two DD-dipeptides and of Gly-D-Trp, as a considerable fraction is transported as the whole peptide without prior hydrolysis.
Detailed knowledge of the mechanisms of both amino acid and oligopeptide transport in the small intestine is still inadequate. Active transport is probably the most important single mechanism in the case of L-amino acids occurring in proteins Wiseman, 1956) , but this does not exclude the possibility that simple or facilitated diffusion plays an appreciable but lesser role. Jervis & Smyth (1960) showed that D-methionine could be actively transported by the rat intestine, but with less affinity for the carrier than the L-isomer. Randall & Evered (1964) later showed that D-serine could also be absorbed against a concentration gradient. In addition, many L-amino acids inhibit the uptake by intestinal mucosa of their D-isomers, and at high concentration some D-amino acids may interfere with L-amino acid transport (Agar, Hird & Sidhu, 1956; Jervis & Smyth, 1959) . Daniels, Newey & Smyth (1969) but not absolute preference for active transport of the L-as compared with the D-enantiomorph, whereas in the 'sarcosine system' the difference in transport is much less in degree and, in fact, there may possibly be no preference for the L-isomer. De la Noue, Newey & Smyth (1969) showed that the transport of D-alanine resembled that of p-alanine, an amino acid absorbed by the 'sarcosine system', much more closely than it did that of its enantiomorph, L-alanine.
If simple diffusion mechanisms are present in addition to the proven mechanisms of active transport, they should be approximately equivalent for the D-and L-enantiomorphs, since the molecules are of exactly the same size and electrical charge. They would therefore be proportionately more important in the case of D-amino acids, where active transport, although present, is much weaker than in the case of the L-isomers. If diffusion is of considerable importance in transfer, the absorption rate should be inversely correlated with molecular size. In the case of amino acids, molecular weights may be used as there is a close correlation between the molecular weights and the apparent molal volumes [r = 0.94; P<O.OOl (Kratzer, 1 944)].
In the present series of observations, diffusion mechanisms might be expected to be of appreciable relative importance in the case of D-amino acids, and in three of the dipeptides, i.e. D-Ma-D-Phe, D-Leu-D-Leu and Gly-D-Trp. Active transport is clearly of overwhelming importance in the absorption of L-amino acids, and the rate of transfer of the other dipeptides is related to their rates of hydrolysis by intestinal mucosal cells. Fig. I shows that there is a close inverse correlation between the rates of jejunal absorption of the seven compounds where diffusion might be expected to be of quantitative importance in transfer, and their respective molecular weights (r = -0.96; PcO.OOl), whereas there is no such correlation between molecular weights and ileal transfer rates. Glycine absorption is also very close to the calculated regression line (Fig. 1) . Possibly diffusion is of considerable relative importance in absorption of this amino acid, as its molecular weight is low, being only slightly above that of urea, and active transport of glycine is relatively slow in comparison with L-amino acids of greater molecular weight and of less polarity. The regression line cuts the point of zero absorption at molecular weight 270. This value is in fair agreement with limits for intestinal diffusion obtained from other series of compounds. Thus Ross, Rubin & Deren (1972) , studying diffusion of the series of polyhydric alcohols across the rabbit intestine, i.e. ethylene glycol, erythritol, ribitol and mannitol, found a similar inverse correlation with molecular weight, with a point of zero absorption predicted by slight extrapolation of the regression line at molecular weight 245. Hober & Hober (1937) have previously shown that different series of compounds give varying correlations between diffusion rates and molecular size. Thus, polyhydric alcohols diffused more rapidly than a series of amides of carboxylic acids, indicating that molecular shape influenced the diffusion rate in addition to molecular size.
No explanation can be given for the lack of correlation between molecular weight and ileal diffusion rates. Previous investigators (Fordtran, Rector, Ewton, Soter & Kinney, 1965; Ross et al., 1972) have claimed that diffusion is more rapid in the jejunum than the ileum. Further investigations are required before the mechanisms of ileal transfer of the three slowly hydrolysed peptides can be elucidated. Admittedly, the higher rate of hydrolysis in the ileum may partially explain the observed results, but fails to account for the fact that the peptides are largely absorbed intact and then excreted in the urine. Other compounds which are known to be preferentially absorbed in the ileum are vitamin B12 and bile salts, but here specific active-transport mechanisms are involved (Boass & Wilson, 1964; Playoust & Isselbacher, 1964) .
The failure to detect metabolites of D-leucine after giving the amino acid or relevant peptides by stomach tube is explained by the fact that the main first metabolite is 2-oxoisocaproic acid which is itself the first major metabolite of L-leucine. Presumably, the failure to detect metabolites of D-phenylalanine was due to the relatively small dosage of the amino acid or relevant peptides, combined with the poor sensitivity of the chromatographic methods employed. A considerable proportion of the phenylpyruvic acid formed by action of D-amino acid oxidase is transaminated to L-phenylalanine, with a corresponding decrease of metabolites in urine. By contrast, indolic metabolites after administration of D-tryptophan or the relevant peptides are readily detectable owing to the chemical reactivity of the indole nucleus. Indole-3-aldehyde has been previously reported to occur in human urine in untreated cases of phenylketonuria (Kochen, Buhner & Otting, 1972) , and is known to be formed by non-enzymic decarboxylation of indolylpyruvic acid (Kaper & Veldstra, 1958) .
